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ABSTRACT : 

PURPOSE: To simplify the process of connection with every 
other inner 

electrode, in a stacked piezoelectric element used as an 
actuator and also, 

prevent the inferiority of connection such as short 
circuit, etc., even if it 

is a film piezoelectric element where a piezoelectric film 
is made very thin. 

CONSTITUTION: A conductive film 13, which contains 
conductive particles 31 and 

besides changes the concentration of contained conductive 
particles in the 

direction of thickness, is formed at the side of a 
piezoelectric element where 

piezoelectric material films 11 and inner electrodes 12 are 
stacked 

alternately. And, a copper foil (outer electrode) 15 and 
alternate inner 

electrodes 12 are electrically connected with each other by 
pressing the 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed description] 
[0001] 

[Field of the Invention] this invention carries out several multi-sheets laminating of the thin film of 
piezoelectric material, and relates to the laminating type piezoelectric device which obtains a lengthwise 
variation rate by impressing a voltage. 
[0002] 

[Prior art] although it is necessary to connect for setting an internal electrode much more when 
manufacturing a laminating type piezoelectric device, if the conventional multilayer-ceramic-capacitor 
formula is used - the area of an internal electrode - the cross section of an element - a parvus sake - 
the electric field ~ the whole surface - not generating - a fraction not only checking a variation rate but 
uneven ~ stress concentration — generating --just — being alike — there is a fatal fault of destroying 
moreover, the positioning at the time of a laminating - difficult - at most ~ the case where about some 
dozens of laminating number of sheets is limitations, and it is the same applied voltage - the variation 
rate of an element — since an amount is proportional to laminating number of sheets - a big variation 
rate - it was difficult to manufacture the element which generates an amount 
[0003] Although the technique of printing and carrying out the laminating of the electrode all over a 
piezo-electric sheet, i.e., the structure which makes equal the area of an internal electrode and the cross 
section of an element, is general in order to cancel this fault In order to connect for setting an internal 
electrode much more in the case of such structure, you have to carry out insulating processing using 
technique ( drawing 6 ) which is indicated by the Japanese Patent Publication No. 17354 [ 63 to ] official 
report, and the technique ( drawing 7 ) which is indicated by the Provisional-Publication-No. 21 1974 
[ 62 to ] official report. That is, in the laminating type piezoelectric device shown in drawing 6 , after 
making the insulators (insulating layer) 41, such as glass, adhere to setting much more by screen-stencil 
or the electrophoresis method, it prints and fixes and has connected for applying the silver paste 42 
which serves as an external electrode from on the, and setting the internal electrode 43 much more. 
Moreover, in the laminating type piezoelectric device shown in drawing 7 (a) and (b), the external 
electrode 52 formed on the internal electrode 53 and the insulating layer 51 forming the insulating layers 
51, such as glass, similarly and setting much more is connected electrically. 

[0004] However, although the process which forms an insulating layer on the side face of an element, 
and the process which forms the external electrode for connecting an internal electrode from on the are 
needed in the piezoelectric device of the structure shown in drawing 6 and drawing 7 Since an insulating 
layer will be formed previously in any case and an external electrode will be formed after that, those 
processes cannot be performed simultaneously, but moreover, there is a fault that there are many 
processes in order to have to form directly to an element mainframe, and the yield becomes low. 
Moreover, although the insulating layer 41 was formed for setting much more at the edge of the internal 
electrode 43 exposed to the side face in the case of the piezoelectric device of the structure shown in 
drawing 6 , when screen-stencil was used as the technique, since printing was very detailed, the fraction 
originally connected by the skip, blot, etc. might become defective continuity, and the fraction insulated 
might short-circuit. It was difficult to form uniformly the insulating layer 41 of only thickness which can 
bear the driver voltage of an element also in an electrophoresis method, and, similarly it had the problem 
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of the simplistic grade by dielectric breakdown. 

[0005] On the other hand, at the piezoelectric device of the structure shown in drawing 7 , although the 
insulating layer 51 could be formed comparatively easily, the continuation of the external electrode 52 
on an insulating layer 51 and the internal electrode 53 was difficult, since there was a level difference of 
an element side and an insulating layer in the case where it is screen-stencil, in the level difference 
fraction, printing of an electric conduction material paste was difficult, and defective continuity and the 
poor shunt had become the problem. Furthermore, while the manufacturing cost rose in order that the 
process which calcinates an insulating layer and external electrode paste at an elevated temperature 
might enter, even if it used which technique, when the thickness of a piezoelectric-material layer was set 
to 100 micrometers or less, there was a trouble where connection became very difficult. 
[0006] Then, artificers tried the manufacture of an element using the anisotropy electric conduction 
layer of a particulate-material type which is shown in drawing 8 , in order to solve these problems. This 
anisotropy electric conduction layer is contained in the adhesion sheet 61 of the insulator with the 
thickness of about 100 micrometers in the status that it distributed so that the conductive grain 62 of 10 
micrometers of particle-size numbers might not contact mutually, by pressurizing partially in the 
membranous thickness orientation, grain can contact and only the thickness orientation can give 
conductivity. 

[0007] By this, the process which forms an insulating layer is omissible, since there is also no baking 
process in an elevated temperature, a process can be cut down sharply, and the manufacturing cost of an 
element can be pressed down. Moreover, in the formation process of an external electrode, since the 
paste of electric conduction material or an insulating material was not used, the faulty connection by a 
blot or the skip became that there is nothing. 
[0008] 

[Object of the Invention] However, since conductivity will be also perpendicularly acquired to the 
membranous thickness orientation by contact of grain if the distance between the conductive grain 62 is 
narrow when the anisotropy electric conduction layer of a particulate-material type which is shown in 
drawing 8 is used, the trouble where the connection of the piezoelectric film including the internal 
electrode set much more if the thickness of a part is set much more to 100 micrometers or less became 
difficult remained. 

[0009] From the first, even if a piezoelectric film is the piezoelectric device of the thin film formed very 
thinly, it connects an external electrode and an internal electrode certainly that it is made in order that 
this invention may solve such a trouble, and the idea of formation of an insulating layer is eliminated, 
and a process can be simplified, and it aims at the ability to prevent defective continuity and a poor 
insulation. 
[0010] 

[The means for solving a technical problem] In order to attain this purpose the laminating type 
piezoelectric device of this invention The electric conduction layer which can give conductivity 
alternatively by compressing nothing and partially the structure where contained conductive grain and 
the inclusion concentration was made to change in the orientation of a thickness while it is formed 
succeeding the side face top, While it is formed succeeding the electric conduction layer top, it has the 
external electrode electrically connected with the internal electrode through the electric conduction 
layer. Moreover, let the electric conduction layer be one layer structure which consists of the resin 
adhesives containing conductive grain. 
[0011] 

[Operation] By compressing an electric conduction layer, the conductive grain of a fraction with the 
high inclusion concentration pressurized locally breaks through the fraction with low inclusion 
concentration, and the laminating type piezoelectric device of this invention which has the above- 
mentioned configuration comes to contact an internal electrode, and can give conductivity alternatively 
only to a desired fraction. And since, as for the fraction which is not pressurized, an insulation is secured 
by the low fraction of the inclusion concentration of grain, Since there is no limit that it must distribute 
so that only the distance with conductive fixed grain may separate and the whole fraction with high 
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inclusion concentration can be made to contain grain Even if a piezoelectric-material layer is the 
piezoelectric device of the thin film formed very thinly, it can prevent certainly that connect an external 
electrode and an internal electrode certainly and defective continuity and a poor insulation occur. 
[0012] Moreover, since the electric conduction layer is therefore constituted in one layer structure which 
consists of resin adhesives, the process of printing at an elevated temperature is not required, and the 
manufacturing cost of an element can be held down. 
[0013] 

[Example] Hereafter, one example which materialized this invention is explained with reference to a 
drawing. 

[0014] Drawing 1 is the cross section of the laminating type piezoelectric device by this invention, and 
has a current carrying part 14 for forming the electric conduction layer 13 so that all the piezoelectric- 
material layers 1 1 may be started in the orientation of a laminating of an element, and setting much more 
in the side face of a layered product in which the piezoelectric-material layer 1 1 and the internal 
electrode 12 lap by turns. Furthermore, on the electric conduction layer 13, as an external electrode, 
copper foil 15 is formed and it connects with the internal electrode 12 electrically through the current 
carrying part 14. The electric conduction layer 13 has one layer structure which conductive grain was 
contained [ layer structure ] and made the inclusion concentration change in the orientation of a 
thickness continuously. 

[0015] Next, the manufacture technique of a laminating type piezoelectric device shown in drawing 1 is 
explained with reference to d rawi ng 2 - drawing 5 . 

[0016] First, after mixing the piezoelectric material which makes PZT a principal component to desired 
composition, add the plastic material and defoaming agent of the binder of 5 weight section, and a 
minute amount to the powder which carried out temporary baking at 850 degrees C, and it is made to 
distribute in an organic solvent, and is made the shape of a slurry. This slurry is fabricated in 
predetermined thickness by the doctor blade method, and it considers as a green sheet. On this green 
sheet, as an internal electrode 12, Pd paste is screen-stenciled, the predetermined number-of-sheets 
laminating of what was pierced in the predetermined dimension is carried out, and it unifies with a heat 
press. It sinters at about 1200 degrees C after a degreasing, and after considering as the sintering layered 
product 5 of a letter of a block which is shown in drawing 2 , it slices to the size for one piece of the 
element simple substance 6. 

[0017] The resin adhesives which made the copper powder (conductive grain) 3 1 of 20-30 micrometers 
of mean particle diameters contain on copper foil 15 as an element mainframe as independently shown 
in drawin g 3 , for example, thermosetting epoxy system adhesives, are uniformly applied in thickness of 
about 70 micrometers, it heats at temperature lower than a curing temperature, and changes into the 
malacia status, and a copper powder (conductive grain) 31 is made to sediment according to a specific 
gravity difference, and it changes into the status of semi-hardening further, although it is close to the 
electric conduction layer 13 15 of one layer structure which made the inclusion concentration of a 
copper powder (conductive grain) 3 1 change in the orientation of a thickness continuously, i.e., copper 
foil, so that the inclusion concentration of a copper powder (conductive grain) 31 is as high as ** and it 
separates from copper foil 15 by this - inclusion concentration - low - becoming - just - being alike - 
- the electric conduction layer 13 of one layer structure which hardly contains a copper powder 
(conductive grain) 3 1 , or does not contain it at all 

[0018] Next, it carries out [ tacking ] by the length which is applied to the one side face of the element 
of the status that this electric conduction layer 1 3 was cut and sliced by width of face narrower than the 
width of face of an element at all the piezoelectric-material layers 1 1. As shown in drawing 4 , and by 
pitch P for two spacings of the internal electrode 12 The fixture for pressurization 16 in which the nose 
of cam had two or more Yamabe 16a of the letter of a salient formed in R (radii which are the radii of 
0.05mm) which is about 0.05mm is prepared. If the whole is heated for 30 minutes at 150 degrees C, 
applying [ position so that the position of the internal electrode 12 set much more with Yamabe 16a of 
each of that letter of a salient may gear, and ] a load In the electric conduction layer 13 of the fraction 
pressurized while the electric conduction layer 13 and copper foil 15 pasted the element mainframe As 
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shown in drawing 5 , the copper powder 3 1 of a fraction with high inclusion concentration (conductive 
grain) The fraction with the low inclusion concentration of grain is broken through, and the internal 
electrode 12 is contacted, and the copper foil 15 which is an external electrode contacts, and it becomes 
the type where the internal electrode 12 and copper foil 15 were electrically connected for becoming a 
current carrying part 14 and setting much more. 

[0019] Also in another side face, it shifts by one layer similarly and copper foil 15 is connected with the 
internal electrode 12 through the electric conduction layer 13. Then, the lead wire for electric power 
supplies is attached in a part of copper foil 15, sheathing and polarization are given, and it becomes a 
finished product. 

[0020] Since the electric conduction layer 13 to this example at the time makes inclusion concentration 
of a copper powder (conductive grain) 31 one layer structure made to change in the orientation of a 
thickness continuously, for example, the resin adhesives which made the copper powder (conductive 
grain) 31 of 20-30 micrometers of mean particle diameters contain on copper foil 15 - for example 
Thermosetting epoxy system adhesives are uniformly applied in thickness of about 50 micrometers, and 
it heats at temperature lower than a curing temperature, and changes into the status of semi-hardening, 
and further, on it, similarly, only adhesives are applied and heated uniformly and carry out semi- 
hardening, by this There are the following effects compared with the case where the electric conduction 
layer 13 which consists of the two-layer structure of the layer which consists of the epoxy system 
adhesives containing the copper powder (conductive grain) 31, and the layer which consists only of 
epoxy system adhesives is used. 

[0021] In order to apply resin adhesives to the 1st, it is not necessary to carry out screen-stencil twice, 
and it becomes a man day reduction. Moreover, the heating process of 2 times is not needed. Although it 
is easy to produce thickness nonuniformity on an electric conduction layer when carrying out screen- 
stencil to the 2nd twice in the case of two-layer structure, in the case of one layer structure, adjustment 
of a thickness is easier than two-layer structure. 

[0022] In addition, this invention is not limited to the example mentioned above, and unless it deviates 
from the main point, it can add various change. For example, you may use metal powders, such as nickel 
and silver, instead of using a copper powder as conductive grain 31. Moreover, if one side of copper foil 
15 is extended as it is, it will become instead of lead wire. Furthermore, if an element is pinched in a 
position where the two aforementioned fixtures for pressurization 16 are prepared, and the each **** 
and trough gear, the 2nd page can be pressurized simultaneously. 
[0023] 

[Effect of the invention] having explained above ****-- expiring - kana - the laminating type 
piezoelectric device of this invention like It is not necessary to form an insulating layer in each element, 
since there is also no baking process in an elevated temperature, can cut down a process sharply, and can 
press down the manufacturing cost of an element, and it sets at the formation process of an external 
electrode. Since the paste of electric conduction material or an insulating material is not used, even if it 
is the piezoelectric device of the thin film in which the piezoelectric-material layer was formed very 
thinly that the faulty connection by a blot or the skip can be made for there to be nothing from the first, 
an external electrode and an internal electrode are connected certainly and there is no possibility of 
starting defective continuity and a poor insulation. 

[0024] Moreover, since the electric conduction layer is made into one layer structure which consists of 
the resin adhesives containing conductive grain, it can manufacture easily by the technique of the grade 
which makes conductive grain sediment according to a specific gravity difference, and the process of 
printing at an elevated temperature is not required, and the manufacturing cost of an element can be 
pressed down. 


[Translation done.] 
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NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation . 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[An easy explanation of a drawing] 

[ Ilrawing JL ] Drawin g 1 is the cross section of the laminating type piezoelectric device which shows 
one example of this invention. 

[ Drawing 2 ] Drawing 2 is explanatory drawing cut down from the sintering layered product of the 
letter of a block to the size for one element. 

[ Drawing 3 ] Drawing 3 is the cross section showing copper foil and the electric conduction layer of 
one layer structure. 

[ Drawing 4 ] Drawin g 4 is explanatory drawing of the process which pressurizes an electric conduction 
layer. 

[ Drawing 5 ] Drawing 5 is explanatory drawing showing the status that the current carrying part was 
formed of pressurization. 

[ Drawing 6 ] Drawing 6 is the cross section of the conventional laminating type piezoelectric device. 
[ Drawing 7 ] Drawing 7 shows other conventional laminating type piezoelectric devices, (a) is a side 
elevation and (b) is the B-B line cross section of (a). 

[ D rawi ng 8 ] Drawin g 8 is the cross section of the anisotropy electric conduction layer proposed 
previously. 

[An explanation of a sign] 

1 1 Piezoelectric-Material Layer 

12 Internal Electrode 

13 Electric Conduction Layer 

14 Current Carrying Part 

15 Copper Foil (External Electrode) 

16 Fixture for Pressurization 

31 Copper Powder (Conductive Grain) 
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CLAIMS 


[Claim] 

[Claim 1] While piezoelectric material and an internal electrode are the laminating type piezoelectric 
devices by which the laminating is carried out by turns and formed succeeding the side face top of the 
laminating type piezoelectric device While it is formed succeeding its electric conduction layer [ which 
can give conductivity alternatively by compressing nothing and partially the structure where contained 
conductive grain and the inclusion concentration was made to change in the orientation of a thickness ], 
and electric conduction layer top The laminating type piezoelectric device characterized by having the 
external electrode electrically connected with the aforementioned internal electrode through the electric 
conduction layer. 

[Claim 2] The aforementioned electric conduction layer is the laminating type piezoelectric device of the 
claim 1 publication characterized by being one layer structure which consists of the resin adhesives 
containing conductive grain. 
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